INTRODUCTION
The laparoscopic appendectomy (LA) is now considered the gold standard for an appendectomy, even in complicated appendicitis cases [1] . A LA has several advantages over a conventional appendectomy, including improved cosmetic outcome, reduced postoperative pain, reduced operative wound complications, shorter length of hospital stay, and quicker recovery to the activities of daily life [1] . To maximize the benefits of minimally-invasive surgery, a continued push has been made to reduce the number of ports required to perform such procedures. The number of reported laparoscopic single-site procedures based on a single incision has, therefore, increased in recent years [1] [2] [3] [4] [5] . With the reduction in the number of ports to one, the length of the single fascia incision has tended to increase [6] [7] [8] . Single umbilical incisions reported in previous studies are typically 15 to 20 mm in length, and the length of the fascia incision may be closely associated with postoperative pain [6] . A single-port laparoscopic appendectomy (SPA) using a glove port with a percutaneous organ-holding device can reduce the length of the fascia incision and can, therefore, potentially reduce postoperative pain [9] . To test this hypothesis, we compared postoperative pain between an SPA using a glove port with a percutaneous organ-holding device and an SPA using a commercially-available multichannel single port for treating simple appendicitis.
METHODS

Patients
Between March 2010 and July 2011, we conducted a retrospective analysis of a total of 77 single-port laparoscopic appendectomies that were performed at department of surgery, Kangbuk Samsung Medical Center by three surgeons skilled in conventional laparoscopic surgery. All patients had been evaluated for appendicitis in the emergency room. All patients with appendicitis were diagnosed by using computed tomography. The type of SPA was chosen based on the surgeon' s preference after written informed consent regarding the SPA had been obtained from the patient. Thirtyeight patients (group 1) received an SPA using a glove port with a percutaneous organ-holding device. The other 39 patients (group 2) received an SPA using a commercially-available multichannel single port, an Octo-Port (Dalim SurgNet, Seoul, Korea) or the product' s name is SILS port (Covidien Inc. Norwalk, CT, USA).
Operative technique
The patient was placed in a supine position with the surgeon and assistant on the patient's left and right, respectively. In group 1, an SPA using a glove port with a percutaneous organ-holding device was performed. A handmade glove port was prepared before the skin incision. Two fingers of the powder-free surgical glove were cutoff, and two trocars (5 and 12 mm, respectively) were inserted and immobilized with 1-0 silk. A 10 mm longitudinal incision was made through the umbilicus, and the fascia and peritoneum were opened under direct vision. The inner ring of a wound retractor (Alexis, Applied Medical, Rancho Santa Margarita, CA, USA) was inserted into the umbilical incision, and the rim of the outer ring was rolled down to the anchor. The glove was snapped onto the external top, and an airtight seal was created around the ports with 1-0 silk sutures. The operation was performed with the surgeon and assistant (scopist) positioned on the left side of the patient. The patient was placed in the Trendelenburg position with his/her left side down. A rigid 0° 5-mm laparoscope and 5 mm laparoscopic instrument were inserted through the cannulas. After intra-abdominal access, the appendix was identified, and to overcome inadequate retraction, a percutaneous organ-holding device (Suture Grasper Closure Device, Mediflex Surgical Products, Islandia, NY, USA) was inserted in the right lower quadrant abdomen to grasp the appendix (Fig. 1) . The mesoappendix was first divided using ultrasonic shears (Harmonic Scalpel, Ethicon Endo-Surgery Inc., Cincinnati, OH, USA); then, the base of the appendix was ligated using a round loop (Laploop, Sejong Medical Co., Paju, Korea) and resected. The appendix was removed in a specimen bag (LapBag, Sejong Medical Co.) through the incision site by using the wound retractor. After all procedures had been completed, the peritoneum and the fascia were approximated and closed with 2-0 Vicryl sutures. The subcutaneous layer was sutured with 4-0 Vicryl to align the skin edges without using skin sutures.
In group 2, an SPA using a commercially-available multichannel single port was performed. A 20-mm longitudinal incision was made through the umbilicus, and the fascia and peritoneum were opened under direct vision. The commercial port was then inserted into the incision. The rest of the procedure was conducted as described for the conventional single-port appendectomy.
Perioperative management
Patients received 1.0 g/kg (adult) or 20 mg/kg (child) of cefotetan before the operation. Intravenous antibiotics were continued during the hospital stay. Patient-controllable anesthesia was not used. Relaxation therapy through breath control and muscle relaxation was administered first for pain management; then, nonsteroidal anti-inflammatory drugs (NSAIDs) were injected intramuscularly as needed for pain that did not improve. Patients were eligible for discharge when they could tolerate a regular diet. 
Data collection
Age, body mass index (BMI), American Society of Anesthesiologists (ASA) score, operative time, postoperative pain using a visual analogue scale (VAS), postoperative length of hospital stay, postoperative complications, and cosmetic satisfaction were recorded. Postoperative pain was measured using a VAS with a score ranging from ''no pain'' (score 0) to ''worst possible pain'' (score 10). VAS scoring was performed every 3 hours except during sleep and whenever patients complained of pain; this was done by the attending nurse who was unaware of the ongoing study. Postoperative complications included wound infection, incisional hernia and intraabdominal complications such as bleeding, stump leakage, intraabdominal abscess, ileus, etc. It based on symptoms and physical examinations. The wound satisfaction score (WSS; very unsatisfied, 1; unsatisfied, 2; acceptable, 3; satisfied, 4; very satisfied, 5) was recorded for each patient on the seventh postoperative day to assess the patient's satisfaction with his/ her scar. The basic cost for the single-port system was calculated for both groups . Costs of laparoscopic instruments were not included in the cost analysis.
Statistical analysis
Results are expressed as median values and interquartile ranges or mean values ± standard deviations. Continuous variables were compared using the Student t-test or a repeated measures analysis of variance. Discrete variables were analyzed with the chi-square test or Fisher exact test. Statistical analysis was performed using IBM SPSS ver. 19.0 (IBM Co., Armonk, NY, USA). A probability of 0.05 or less was considered statistically significant.
RESULTS
There were no differences in age, sex, BMI, ASA score, or preoperative leukocyte count between the two groups ( Table 1) . Perioperative outcomes are listed in Table 2 . The mean operative time was shorter in group 1 than group 2, but this difference did not reach statistical significance. There were no differences between the two groups in the times to pass gas or hospital stays. There were no postoperative complications during the follow-up period in either group. Cosmetic outcomes on the seventh postoperative day were excellent with a minimal, barely-visible scar in most patients, regardless of group assignment. There were no significant differences in cosmetic outcomes between the two groups. Values are presented as mean ± standard deviation or number (%). Group 1, single-port laparoscopic appendectomy (SPA) using a percutaneous organ-holding device; group 2, SPA using a commercially-available multichannel single port; ASA, American Society of Anesthesiologists score. The median and the mean postoperative pain scores are listed in Table 3 . When a discrepancy in pain scores presented within the same period, the highest scores were analyzed. Pain scores during the first 24 hours after surgery were higher in group 2 than group 1 (P < 0.001). However, there were no differences in pain scores between the two groups 24 to 48 hours after surgery (Fig. 2) . Patients in the group 2 tended to receive more total doses of analgesics (NSAIDs) in the first 24 hours after surgery, but the difference was not statistically significant ( Table 4 ). The basic cost of a trocar in group 1 was calculated as 237,517 Korean won (KRW). In group 2, the Octo-Port cost 354,755 KRW, and the SILS Port cost 351,288 KRW.
DISCUSSION
Broad acceptance of laparoscopic surgery has resulted in attempts to reduce the number of incisions [2, 10] . Single-port laparoscopic surgeries, including appendectomies, adrenalectomies, cholecystectomies, gastric bandings, and nephrectomies, have recently been performed for various intra-abdominal pathologies [3] [4] [5] [6] [7] [8] [11] [12] [13] [14] [15] [16] [17] . The SPA has gained widespread acceptance because it has many advantages over a conventional multiport laparoscopic appendectomy, including better cosmetic outcomes due to a relatively hidden umbilical scar and no need for additional incisions [1, 6, 13, 18] . Furthermore, the SPA is associated with a decrease in morbidity related to visceral and vascular injuries during trocar placement [16, 19] .
However, with the reduction in the number of ports to one, the length of the single fascia incision has tended to become longer. The length of the fascia incision is closely associated with postoperative pain [6] [7] [8] . Single umbilical incisions reported in previous studies reached lengths of 20 mm [6] . In the present study, we achieved an umbilical incision length of 10 mm by using an SPA with a percutaneous organ-holding device because only two trocars were inserted through the single port; a rigid 0° 5-mm laparoscope and a 5 mm laparoscopic instrument. This could explain the low pain score in the first 24 hours after surgery in these patients. During the operation, the percutaneous organ-holding device can function as a grasper [9] . Using this device, the appendix can be grasped and drawn to allow triangulation for division of the mesoappendix.
The increase in single-port surgery has increased the range of trocar options available. Three single-port systems are employed at our institution, with the type of system used based on each surgeon's preference: a handmade glove port, an Octo-Port, or a SILS port. Commercially-available multichannel single ports require advanced surgical skills if they are to be operated safely by using coaxially-arranged instruments with the resultant limited range of motion [6, 14, 16] . This is associated with poorer SPA performance and increased surgeon workload and is the reason the SPA is more technically challenging than a conventional multiport LA [18, 20] . This also tends to increase the operative time of the SPA [6, 10, 18] . Longer operative times may translate to more stretching of the single umbilical wound and subsequently more postoperative pain [6] .
The difficulty in achieving triangulation using an SPA can be overcome by using a percutaneous organ-holding device. Some surgeons use a minigrasper without a trocar to retract the gallbladder in a single-incision laparoscopic cholecystectomy. With the help of this needlescopic instrument, the operative time can be decreased, scarring can be minimized, and the surgical procedure can be performed more easily and safely [9] . This improvement in SPA execution may shorten the operative time and reduce postoperative pain. For this reason needlescopic instruments have become important tools for expanding the indications for SILS in various fields of surgery [21] . In the present study, the mean operative time tended to be shorter in patients who underwent an SPA using a glove port with a percutaneous organ-holding device than in the commercial port patients, but this difference was not statistically significant. This may due to the small number of patients and the differences among surgeons. Larger comparative studies should be performed to determine whether an SPA using a percutaneous organ-holding device is more time-effective than an SPA using a commercial multichannel single port.
Although many surgeons in Korea use a commercially-available multichannel single port, that may not be suitable for the medical environments of other countries for economic reasons [7] . New surgical devices for an SPA cost more than conventional devices for multiport an LA [15] . When performing an SPA using a glove port with a percutaneous organ-holding device, the only additional operation material required is a wound retractor; thus, developing or purchasing new devices is not necessary [7, 15] . An SPA using a glove port with a percutaneous organ-holding device can reduce not only postoperative pain but also the cost of surgery. An SPA may yield better cosmetic outcomes than conventional surgery because the number of trocar incisions is reduced [18] . There is no gold-standard standardized scoring system to evaluate wound cosmetics. We used a 5-point WSS to assess patients' cosmetic satisfaction [22] . Despite the differences in lengths of the umbilical incisions between the two groups in our study, no statistical differences in cosmetic outcomes were observed. This result may be due to the dimpled nature of the umbilicus, which makes scars of up to 20 mm invisible. The incision made for the SPA in group 1 was almost invisible on the seventh postoperative day.
In conclusion, an SPA using a glove port with a percutaneous organ-holding device can reduce the length of the umbilical fascia Outcomes of a Single-Port Laparoscopic Appendectomy Using a Glove Port With a Percutaneous Organ-Holding Device and Commercially-Available Multichannel Single-Port Device incision and improve the execution of the operation. Furthermore, this method can reduce postoperative pain by shortening the length of the umbilical fascia incision, and it is cost-effective relative to an SPA using a commercial multichannel port.
